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(54) A COMPRESSIBLE ELECTRODE

(57) The present invention provides a compressible
electrode (1) comprising a stably deformable polymer
layer (2) comprising a first outer surface (2a), a second
outer surface (2b) and at least one deformed portion (3)
formed as at least one indentation (3a) in said first outer
surface (2a) and at least one corresponding protrusion
(3b) in said second outer surface (2b), and at least one
non-deformed portion (2c). The electrode further com-
prises at least one stretchable conductor layer (4) ar-

ranged on or within said stably deformable polymer layer
(2) at said deformed portion (3) and/or at said non-de-
formed portion. Further, the stably deformable polymer
layer (2) is stably deformed at said at least one deformed
portion (3). The electrode further comprises an elastic
material (5) arranged on said first outer surface (2a) such
that said elastic material (5) fills said at least one inden-
tation (3a).
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Description

Technical field

[0001] The present inventive concept relates to the
field of compressible electrodes.
[0002] More particularly, it relates to a compressible
electrode and a capacitive pressure sensor comprising
a compressible electrode.

Background

[0003] A basic capacitive pressure sensor consists of
two electrodes with a dielectric in between the electrodes.
By applying force/pressure on the sensor, either the di-
electric, and/or at least one of the electrodes are de-
formed, resulting in a measurable change of capacitance
value of the sensor. For achieving a high sensitivity and
high values of capacitance per unit area, compressible
electrodes are usually used in the sensors.
[0004] A compressible electrode may consist of an
electrically non-conductive, deformable polymer with
electrically conductive fillers making the deformable pol-
ymer electrically conductive, resulting in an electrically
conductive polymer composite. The compressible elec-
trode may also, as an alternative, be a non-conductive
polymer coated with a conductive layer. An example of
a compressible electrode is disclosed in US 9,752,940,
in which the electrode has a single polymer layer with
embedded conductive particles or a conductive layer ar-
ranged onto the single polymer layer.
[0005] However, there are several technical problems
associated with existing solutions First of all, adding con-
ductive fillers to produce an electrically conductive poly-
mer composite may increase the hardness of the deform-
able polymer and thereby reduce the sensitivity of the
whole compressible electrode. Secondly, when forming
the compressible electrode as a conductive coating on
a non-conductive polymer, there are generally require-
ments that need to be fulfilled but, in reality, may prove
to be incompatible with each other. As an example, in
order to have a sufficient sensitivity of the electrode, the
non-conductive polymer used should be soft, e.g. a sili-
cone rubber material or a gel, but problems often arise
with adhesion capacity of the conductive coating to such
soft polymers. Further, the adhesion process itself may
need to be performed on non-flat surfaces that are not
standard within the art.
[0006] Thus, there is a need in the art for improved
compressible electrodes that may be used in capacitive
pressure sensors.

Summary

[0007] It is an object of the invention to at least partly
overcome one or more limitations of the prior art. In par-
ticular, it is an object to provide a compressible electrode
and a capacitive pressure sensor that are both sensitive

and easy to transfer to a production environment.
[0008] As a first aspect of the invention, there is pro-
vided a compressible electrode comprising a stably de-
formable polymer layer comprising a first outer surface,
a second outer surface, at least one deformed portion
formed as at least one indentation in the first outer surface
and at least one corresponding protrusion in the second
outer surface, and at least one non-deformed portion.
[0009] The compressible electrode further comprises
at least one stretchable conductor layer arranged on or
within the stably deformable polymer layer at the at least
one deformed portion and/or at the at least one non-de-
formed portion; and wherein the stably deformable pol-
ymer layer is stably deformed stably deformed at the at
least one deformed portion.
[0010] The compressible electrode further comprises
an elastic material arranged on the first outer surface
such that the elastic material fills the at least one inden-
tation of said at least one deformed portion.
[0011] The stably deformable polymer layer may be in
the form of a sheet or layer and may form a substrate or
a carrier for the stretchable conductor layer during e.g.
deposition and printing of the stretchable conductor layer
onto the stably deformable polymer layer. However, as
an alternative, the stretchable conductor layer may be
arranged within the stably deformable polymer layer, i.e.
be embedded in the stably deformable polymer layer.
[0012] The stably deformable polymer layer may be
any polymer layer that may be deformed into a stable,
deformed shape. The stably deformable polymer layer
will retain the stable, deformed shape in the absence of
any external force on the stably deformable polymer lay-
er.
[0013] A deformation of the stably deformable polymer
layer may be achieved by subjecting the stably deform-
able polymer layer to external conditions causing the de-
formation. For instance, the deformation may be caused
by one or more of heating, applying a pressure or a vac-
uum on the stably deformable polymer layer. The defor-
mation may be achieved by a thermoforming process,
which may include heating, shaping and cooling of the
stably deformable polymer layer, for bringing the stably
deformable polymer layer into a deformed shape, which
may or may not be a predetermined shape of the stably
deformable polymer layer. Thus, the stably deformable
polymer layer may be a thermoformable polymer layer,
such as formed by a thermoset material or a thermoplas-
tic material.
[0014] According to an embodiment, the stably de-
formable polymer layer may be configured to be irrevers-
ibly deformed into a deformed shape. For instance, the
stably deformable polymer layer may be formed by a ther-
moset material, which may be irreversibly deformed into
a deformed shape by curing, such as heating.
[0015] According to another embodiment, the stably
deformable polymer layer may be configured to be re-
versibly deformed, such that the stably deformable pol-
ymer layer may be deformed and, upon being subjected
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to a sufficient external force, the stably deformable pol-
ymer layer may be re-shaped. For instance, the stably
deformable polymer layer may be formed by a thermo-
plastic material, which may be deformed into a deformed
shape by e.g. a thermoforming process and which may
be re-shaped by again heating the thermoplastic material
above its melting temperature, reshaping it, followed by
cooling it down below its melting temperature. The stably
deformable polymer layer may alternatively be formed
by a shape memory polymer, which may be deformed
from a primary shape into a secondary predetermined
deformed shape by heating it above its glass transition
temperature and deforming it into said secondary prede-
termined deformed shape, followed by cooling it down
below its glass transition temperature, and may be further
returned into its primary shape, e.g. by heating the shape
memory polymer above its glass transition temperature.
[0016] The stably deformable polymer layer may com-
prise a thermoplastic polymer, or may consist of a ther-
moplastic polymer, which becomes mouldable at a cer-
tain elevated temperature and then solidifies upon cool-
ing. Thus, the thermoplastic polymer allows for being
moulded in a wide range of shapes, then be resoftened
and be moulded again, as explained above.
[0017] The stably deformable polymer layer comprises
a first outer surface and a second outer surface. At least
the second outer surface may function as an outer sur-
face of the compressible electrode.
[0018] The stably deformable polymer layer further
comprises at least one deformed portion, which refers to
a structure of the stably deformable polymer layer that
has been deformed during the manufacturing process.
Further, the at least one deformed portion has a shape
or structure such that it may be macroscopically de-
formed or compressed upon a force acting against the
normal of the first or second outer surface of the stably
deformable polymer layer. Accordingly, a deformed por-
tion may be arranged to be compressed upon a com-
pression force applied parallel to the normal of the first
outer surface.
[0019] The deformed portion may be in the form of a
"micro bump" defined by an indentation in one of the outer
surfaces and a corresponding protrusion in the other. The
stably deformable polymer layer may thus be a flat sur-
face having one or several of such deformed portions,
such as one or several micro bumps in the flat surface.
Consequently, the stably deformable polymer layer com-
prises at least one deformed portion and at least one
non-deformed portion. Such non-deformed portions may
be flat or substantially flat portions between deformed
portions. A non-deformed portion refers to a portion that
has not been stably deformed during the manufacturing
process and may thus retain its non-deformed shape,
such as retaining a flat shape. The non-deformed portion
may macroscopically be compressed to a lesser degree
compared to a deformed portion. Consequently, the de-
formed portions and the non-deformed portions may
comprise the same stably deformable polymer layer, but

the deformed portion may be macroscopically com-
pressed to a larger extent as a response to a compression
force. There is further at least one stretchable conductor
layer, which is an electrically conductive layer, arranged
at the deformed portion or portions and/or at the non-
deformed portion or portions of the stably deformable
polymer layer. Thus, the at least one stretchable conduc-
tor layer may be arranged on an outer surface of the
stably deformable polymer layer. As an alternative, the
stretchable conductor layer may be arranged within the
stably deformable polymer layer at the deformed portion
and/or at the non-deformed portion, such as within the
indentation or on the protrusion of the deformed portion.
The stretchable conductor layer may further extend such
that it is arranged at several deformed portions and non-
deformed portions.
[0020] According to an embodiment, the at least one
stretchable conductor layer may be arranged on or within
the stably deformable polymer layer at least at the at least
one deformed portion. This implies that the at least one
stretchable conductor layer is deformed with the stably
deformable polymer layer at the at least one deformed
portion. According to an embodiment, the at least one
stretchable conductor layer is arranged only at the at least
one deformed portion. However, according to another
embodiment, the at least one stretchable conductor layer
is arranged to extend both at the at least one deformed
portion and at the non-deformed portion.
[0021] According to yet another embodiment, the at
least one stretchable conductor layer is arranged only at
the at least one non-deformed portion. This implies that
the at least one stretchable conductor layer will not be
deformed with the stably deformable polymer layer at the
at least one deformed portion.
[0022] The stretchable conductor layer may be a single
layer that is patterned as multiple parallel running strips.
The pattern may be applied by printing of the conductor
through a patterned mask. The conductor, and thus the
conductor layer, may comprise conductive fillers in a
(stretchable) binder resin.
[0023] At the deformed portion, the stably deformable
polymer layer is stably deformed, meaning that the stably
deformable polymer layer has been loaded beyond its
elastic limits, e.g. in a thermoforming process, such that
it does not return to its original shape and size in the
absence of external forces and/or heating. If the at least
one stretchable conductor layer is arranged at the at least
one deformed portion, the at least one stretchable con-
ductor layer is also stably deformed at the deformed por-
tion. The at least one stretchable conductor layer may
also be loaded beyond its elastic limits, e.g. in a thermo-
forming process, such that it does not return to its original
shape and size in the absence of external forces and/or
heating.
[0024] The deformed portion may have a rounded
shape. As an example, the protrusion of deformed portion
may have a rounded shape, such as substantially a half-
spherical shape. However, other shapes are also possi-
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ble, such as a shape in which the protrusion forms a tip
as seen in a cross-section of the deformed portion. Ac-
cording to other embodiments, the protrusion may be
configured to be tapered with a gradually decreasing
width. For instance, the protrusion may have a truncated
pyramidal overall shape, such as a circular truncated
conical shape or a four-sided truncated pyramidal shape.
[0025] There is further an elastic material arranged or
deposited within the indentation of the deformed portion.
The elastic material may be a hyperelastic material. As
an example, the elastic material may be a soft elastic
material, such as a material having a Young’s modulus
in the range 0 to 500 MPa, preferably a Young’s modulus
in the range of 0 to 100 MPa, and more preferably a
Young’s modulus in the range of 0 to 25 MPa. The elastic
material may have an elastic hysteresis in the range of
0-40%, preferably smaller than 20%. The elastic material
may have a shore OO hardness in the range of 0-90,
preferably in the range of 20-40.
[0026] The elastic material may be deposited solely
within the indentation or as a layer covering also the non-
deformed portions of the first outer surface of the stably
deformable polymer layer. Thus, the elastic material may
be deposited as a layer over the first outer surface of the
stably deformable polymer layer so that the elastic ma-
terial fills the indentations.
[0027] The elastic material may have a thickness that
is several times larger than the thickness of the stably
deformable polymer layer.
[0028] The first aspect of the invention is based on the
insight that having a compressible electrode comprising
two different materials, i.e. both a stably deformable pol-
ymer layer and an elastic material, instead of a single
polymer layer as in the prior art, all required functionalities
may be achieved, thus avoiding incompatible functional-
ities of prior art solutions. The stably deformable polymer
layer forms a convenient substrate for the stretchable
conductor layer or sheet, allowing deposition by e.g.
printing of the conductor with good adhesion of the elec-
trically conductive material to the stably deformable pol-
ymer layer. The deposition may be performed on a flat
stably deformable polymer layer, i.e. on a flat substrate,
which allows to apply a mass-production friendly tech-
nique. The shape of the deformed portion (indentation
and protrusion) may then subsequently be obtained e.g.
by thermoforming the flat stably deformable polymer lay-
er, together with the deposited stretchable conductor lay-
er if the stretchable conductor layer is arranged at the
deformed portion, to a non-flat shape, thereby forming
at least one deformed portion.
[0029] The elastic material may be arranged on the
electrode so that the mechanical stability and behaviour
of the complete electrode is primarily determined by this
elastic material. Thus, the elastic material may be ar-
ranged so that the complete electrode behaves in mainly
an elastic manner; i.e. returns perfectly without any plas-
tic deformation to its initial state after applying and re-
leasing a force to the electrode, even repeatedly. Thus,

the first aspect of the invention provides a compressible
electrode having low drift or creep over time. Since the
stretchable conductor layer is arranged on the stably de-
formable polymer layer, the type of elastic material may
be chosen more freely compared to conventional com-
pressible electrodes. As an example, the softness of the
elastic material may be chosen more freely, e.g. from
soft gel materials, so that high deformation under low
force, and thus high sensitivity, may be obtained.
[0030] In embodiments of the first aspect, the at least
one stretchable conductor layer comprises stretchable
silver ink. The stretchable conductor layer may also con-
sist of intrinsically stretchable conductive polymers like
such as PEDOT, thin-film or PCB (Printed Circuit Board)
type metal conductors, such as Cu or Au. Further, the
stretchable conductor layer may be patterned as mean-
ders, spirals, etc., which deform, e.g. elongate or com-
press under an applied force.
[0031] In embodiments of the first aspect, the at least
one stretchable conductor layer is arranged on the first
outer surface of the stably deformable polymer layer.
Consequently, the compressible electrode may have the
stretchable conductor layer or stretchable conductor lay-
ers embedded between the thermoplastic polymer layer
and the elastic material.
[0032] As an alternative, the stretchable conductor lay-
er may be exposed. Thus, in embodiments of the first
aspect, the at least one stretchable conductor layer is
arranged on the second outer surface of the stably de-
formable polymer layer.
[0033] In embodiments of the first aspect, the at least
one stretchable conductor layer comprises a plurality of
strips of electrically conductive material.
[0034] The strips may be arranged such that one strip
covers more than one deformed portion. The strips may
have a width of e.g. 5-20 mm, such as between 6-15 mm,
such as between 6-10 mm. The strips may be arranged
at a pitch of 5-20 mm, such as about 10 mm.
[0035] In embodiments of the first aspect, the at least
one stretchable conductor layer is arranged at said at
least one deformed portion such that it further extends
on said at least one non-deformed portion of the first
and/or second outer surface.
[0036] In embodiments, the stably deformable polymer
layer may be a flat layer having at least one deformed
portion, and the stretchable conductor layer may be ar-
ranged so that it also extends from the at least one de-
formed portion onto a flat portion of the first or second
outer surface of the stably deformable polymer layer.
Thus, in embodiments, the stretchable conductor layer
is also arranged at a non-deformed, flat portion of the
compressible electrode.
[0037] As an example, a stretchable conductor layer
may be arranged such that it covers more than one de-
formed portion, such as at least two, such as at least
three deformed portions.
[0038] Accordingly, in embodiments, the stably de-
formable polymer layer comprises a plurality of deformed
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portions, and wherein at least one stretchable conductor
layer is arranged on or within said stably deformable pol-
ymer layer at said plurality of deformed portions.
[0039] Thus, a single stretchable conductor layer or
strip may be arranged such that it covers several de-
formed portions of the stably deformable polymer layer.
[0040] In embodiments of the first aspect, the elastic
material has a volume that is larger than the volume of
the stably deformable polymer layer. As an example, the
elastic material may have a volume that is at least two
times, preferably at least five times, more preferably at
least ten times and most preferably at least twenty times
larger than the volume of the stably deformable polymer
layer.
[0041] The volumes of the elastic material and the sta-
bly deformable polymer layer may be related such that
the mechanical properties of the compressible electrode
are primarily determined by the mechanical properties of
the elastic material.
[0042] The functional behaviour, such as hysteresis
and hardness, of the electrode may be determined by
material properties of the elastic material. Thus, the elas-
tic material may be a dominant influence on the functional
behaviour of the electrode. For instance, the hardness
and/or the hysteresis of the electrode may be comparable
or in the same range as of the elastic material.
[0043] The elastic material may be a polymer. As an
example, the elastic material may be a thermoplastic
elastomer. A thermoplastic elastomer may be selected
from the group consisting of thermoplastic urethanes
(TPUs), styrene copolymers (styrene block copolymer,
in particular styrene-ethylene-butylene-styrene block co-
polymer (SEBS) and/or styrene-butylene-styrene block
copolymer (SBS)), thermoplastic olefins (TPOs), thermo-
plastic silicones and elastomeric alloys. The elastic ma-
terial preferably comprises at least one thermoplastic gel
material, such as a polyurethane gel, thermoplastic block
copolymer gels (SEBS), PVC plastisol gels, and silicone
rubbers such as PDMS (poly dimethyl siloxane).
[0044] Moreover, the stably deformable polymer layer
may comprise or consist of polyethylene, polypropylene,
polyvinyl chloride, polystyrene, polyamides, polyesters
or polyurethanes. As an example, the stably deformable
polymer layer may be a thermoplastic polyurethane. The
stably deformable polymer layer may be a shape memory
polymer, such as a block polymer of polyethylene tereph-
thalate and polyethyleneoxide.
[0045] It should be realized that the first outer surface
and the second outer surface of the stably deformable
polymer layer need not necessarily be formed by the
same material. For instance, the first outer surface may
be a high recovery TPU and the second outer surface
may be a melt adhesive TPU.
[0046] In embodiments of the first aspect, the stably
deformable polymer layer is thermoplastic polyurethane
and the elastic material is a polyurethane gel.
[0047] In embodiments of the first aspect, the thickness
of the stably deformable polymer layer is less than 100

mm, such as less than 55 mm. As an example, the thick-
ness of the stably deformable polymer layer may be be-
tween 10-100 mm, such as between 20- 60 mm, such as
between 25-50 mm.
[0048] According to another aspect of the present in-
ventive concept there is provided a method of forming a
compressible electrode comprising the steps of

- arranging at least one stretchable conductor layer
on a first or second outer surface of a stably deform-
able polymer layer;

- forming at least one deformed portion as at least one
indentation in the first outer surface and at least one
corresponding protrusion in the second outer sur-
face of the stably deformable polymer layer; thereby
stably deforming the stably deformable polymer lay-
er;

- filling the at least one indentation with an elastic ma-
terial.

[0049] This aspect may generally present the same or
corresponding advantages as the former aspect. Effects
and features of this second aspect are largely analogous
to those described above in connection with the first as-
pect. Embodiments mentioned in relation to the first as-
pect are largely compatible with the second aspect.
[0050] As an alternative to the first step, the method
may comprise arranging the at least one stretchable con-
ductor layer within a stably deformable polymer layer.
[0051] The method of the second aspect may thus be
used to form or produce a compressible electrode ac-
cording to the first aspect as discussed herein above.
[0052] In embodiments of the second aspect, the step
of arranging the at least one stretchable conductor layer
comprises printing at least one strip of a stretchable con-
ductor layer onto the first or second surface of the stably
deformable polymer layer.
[0053] In embodiments of the second aspect, the at
least one deformed portion is formed at the position of
said at least one stretchable conductor layer, thereby sta-
bly deforming the stably deformable polymer layer and
the at least one stretchable conductor layer.
[0054] In embodiments of the second aspect, the step
of forming at least one deformed portion comprises sub-
jecting the stably deformable polymer layer to a thermo-
forming process. If the at least one deformed portion is
formed at the position of said at least one stretchable
conductor layer, the at least one stretchable conductor
layer is also subjected to a thermoforming process.
[0055] Thermoforming is a process where a tempera-
ture and/or a force is applied, e.g. by a temperature and
force being applied at the same time or sequentially so
that the to-deform-structure becomes soft enough so that
it can be deformed according to the shape of e.g. a form-
ing tool. The force may be provided by applying a pres-
sure, such as used in compression moulding. The force
may also be generated by a vacuum. When the increased
temperature and/or force is removed, the structure has
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completely or at least partially taken the form of the form-
ing tool.
[0056] Thus, the step of forming may comprise raising
the temperature of the stably deformable polymer layer
and the at least one stretchable conductor layer such that
they are pliable and extensible, and thus deformable, and
then forming them in a mould to create the desired de-
formed portion.
[0057] Thermoforming may comprise "vacuum form-
ing", in which vacuum is applied only at the backside of
the (porous) forming tool and "high pressure forming", in
which additional high (air) pressure is applied at the front
side of the forming tool.
[0058] As an example, the thermoforming process may
be performed by heating the stably deformable polymer
layer, thereby forming the at least one deformed portion
using a forming tool having at least one indentation cor-
responding to the shape of the at least one deformed
portion. The forming tool thus functions as a mould for
creating the deformed portion or portions in the stably
deformable polymer layer. A forming tool is normally a
polymer or a metal object with a surface having a shape
equal to the desired final shape of the surface the ther-
moformed object. Moreover, the forming tool may have
through holes from frontside to the backside, or is porous,
so that vacuum may pull the thermoformed object to the
walls of the forming tool.
[0059] In embodiments of the second aspect, the elas-
tic material is further formed at non-deformed portions of
the first outer surface of the stably deformable polymer
layer. Thus, both the indentations and the non-deformed
portions of the stably deformable polymer layer may be
filled with the elastic material, e.g. using a deposition
process.
[0060] In embodiments of the second aspect, the step
of filling with the elastic material is performed while the
stably deformable polymer layer and the at least one
stretchable conductor layer is still in a forming tool used
during a thermoforming process for forming the deformed
portions. However, as an alternative, the stably deform-
able polymer layer and the at least one stretchable con-
ductor layer may be removed from such a forming tool
and e.g. transferred to another structured carrier before
filling with the elastic material.
[0061] As a third aspect of the invention, there is pro-
vided a capacitive pressure sensor comprising

a compressible electrode according to the first as-
pect arranged over an additional electrode and with
the second outer surface facing the additional elec-
trode; and
at least one dielectric medium arranged between the
second outer surface and the additional electrode;
and wherein
the compressible electrode and additional electrode
are arranged such that compression of the at least
one deformed portion of the compressible electrode
changes the capacitance of the capacitive pressure

sensor.

[0062] This aspect may generally present the same or
corresponding advantages as the former aspect. Effects
and features of this third aspect are largely analogous to
those described above in connection with the first and
second aspects. Embodiments mentioned in relation to
the first and second aspects are largely compatible with
the third aspect.
[0063] The compressible electrode may thus form one
electrode of the capacitive pressure sensor. The addi-
tional electrode can be a flat electrode or a compressible
electrode.
[0064] The at least one dielectric medium may com-
prise air. By applying a pressure in the direction of the
normal of the first surface of the stably deformable poly-
mer layer, the amount of the at least one dielectric me-
dium, such as air, may decrease due to the compression
of the deformed portion of the compressible electrode.
Thus, the distance between the two electrodes, i.e. the
distance between the two capacitor plates decreases and
the capacitance value of the pressure sensor will in-
crease. This change in capacitance may be measured
and thus correspond to the pressure applied.
[0065] In embodiments of the third aspect, the at least
one deformed portion of the compressible electrode
abuts the additional electrode, or an additional dielectric
layer arranged on top of the additional electrode.
[0066] Thus, the protrusion of the deformed portion
may be arranged such that it abuts the additional elec-
trode. As an alternative, there may be an additional die-
lectric layer arranged over the additional electrode, and
the protrusion may abut this additional dielectric layer.
[0067] In embodiments of the third aspect, the at least
one stretchable conductor layer is arranged on the first
outer surface of the stably deformable polymer layer of
the compressible electrode, and wherein the at least one
dielectric medium is air. Thus, the compressible elec-
trode may have the stretchable conductor layers "em-
bedded" between the stably deformable polymer layer
and the elastic material, such that the second surface of
the stably deformable polymer layer at the deformed por-
tion abuts the additional electrode. In such case, the at
least one dielectric medium may comprise air or may only
consist of air.
[0068] In further embodiments of the third aspect, the
stretchable conductor layer is arranged within the stably
deformable polymer layer. In such case, the at least one
dielectric may also comprise air or consist only of air, i.e.
there may be no additional dielectric layer arranged on
the additional electrode.
[0069] As an alternative embodiment of the third as-
pect, the at least one stretchable conductor layer is ar-
ranged on the second outer surface of the stably deform-
able polymer layer of the compressible electrode, and
further wherein the sensor comprises an additional die-
lectric layer arranged on top of the additional electrode,
such that the at least one dielectric comprises both air
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and the additional dielectric layer. Consequently, when
the stretchable conductor layers are arranged such they
are exposed, i.e. on the second outer surface of the stably
deformable polymer layer, there may be an additional
dielectric layer arranged over the additional electrode to
avoid a short circuit between the compressible electrode
and the additional electrode. Thus, in such cases, the at
least one dielectric medium may comprise air and the
additional dielectric layer arranged on the additional elec-
trode.
[0070] The additional dielectric layer may be formed
e.g. by spin coating or lamination. The thickness of this
additional dielectric layer may be less than 10 mm, such
as between 1-5 mm.

Brief description of the drawings

[0071] The above, as well as additional objects, fea-
tures and advantages of the present inventive concept,
will be better understood through the following illustrative
and non-limiting detailed description, with reference to
the appended drawings. In the drawings like reference
numerals will be used for like elements unless stated
otherwise.

Fig. 1 is a schematic illustration of a cross-section
of an embodiment of a compressible electrode with
an exposed conductor layer.
Fig. 2 is a schematic illustration of a cross-section
of an embodiment of a compressible electrode with
an embedded conductor layer.
Fig. 3 is a schematic illustration of a cross-section
of an embodiment of a compressible electrode hav-
ing a point-shaped deformed portion.
Fig. 4 is a schematic illustration of a cross-section
of another embodiment of a compressible electrode
with an exposed conductor layer.
Fig. 5 is a schematic illustration of a cross-section
of yet another embodiment of a compressible elec-
trode with an exposed conductor layer.
Figs. 6a-6d is a schematic illustration of a method of
forming the compressible electrode.
Figs. 7a and 7b illustrate an embodiment of a capac-
itive pressure sensor.
Figs. 8a and 8b illustrate an embodiment of a capac-
itive pressure sensor.
Fig. 9 schematically illustrates the steps of forming
a compressible electrode.

Detailed description

[0072] Fig. 1 is a schematic illustration of a cross-sec-
tion of an embodiment of a compressible electrode 1 with
an exposed conductor layer. The compressible electrode
1 comprises a thin stably deformable polymer layer 2,
arranged as a sheet having micro-bumps, or deformed
portions 3. The thickness of the stably deformable poly-
mer layer 2 may be less than 100 mm, such as less than

55 mm, such as 25 -50 mm.
[0073] There is only one deformed portion 3 illustrated
in Fig. 1, but the stably deformable polymer layer 2 may
comprise a plurality of such deformed portions 3, such
as at least five, such as at least ten, deformed portions.
A deformed portion 3 is formed as an indentation 3a in
a first outer surface 2a - in this case the upper outer sur-
face - and a corresponding protrusion 3b in a second
outer surface 2b - in this case the lower outer surface-
of the stably deformable polymer layer.
[0074] There is further a stretchable conductor layer 4
arranged on the second outer surface 2b of the stably
deformable polymer layer 2, which thereby results in a
compressible electrode having an exposed conductor
layer 4. The stretchable conductor layer 4 comprises an
electrically conductive material. As an example, it may
comprise or consist of stretchable silver ink. This stretch-
able conductor layer 4 is arranged at the position of the
deformed portion 3. Moreover, the stably deformable pol-
ymer layer 2 and the stretchable conductor layer 4 are
stably deformed at the at least one deformed portion 3.
The stretchable conductor layer is in this example in the
form of several parallel strips, but it should be realized
that other forms, shapes or configurations of the stretch-
able conductor layer are possible. Only one strip of con-
ductor material is illustrated in Fig. 1. This strip may how-
ever extend such that it is arranged over at least two
deformed portions. Thus, the stretchable conductor layer
4 is arranged at the deformed portion 3 such that it further
extends with edge portions 4b on a flat portion 2c of the
second outer surface 2b. The flat portion 2c is thus po-
sitioned next to the deformed portion 3, i.e. in between
two deformed portions 3, and may thus function as a
substantially non-deformed portion of the electrode 1.
This means that a pressure applied in the direction of the
normal of the first 2a or second 2b outer surface of the
stably deformable polymer layer will mainly result in de-
formation or compression of the deformed portion 3 and
not the flat surface portion 2c.
[0075] The thin stably deformable polymer layer may
be of thermoplastic polyurethane, thus forms a substrate
for the stretchable conductor layer 4 and thus allows for
printing or deposition of the stretchable conductor layer
4 before forming the deformed portions 3, i.e. deposition
of the stretchable conductor layer 4 on a flat surface,
which is a mass-production friendly technique. The
shape of the deformed portion or portions may subse-
quently be obtained by thermoforming the flat stably de-
formable polymer layer 2 and deposited conductor ma-
terial to a non-flat shape (e.g. a matrix of spherical struc-
tures).
[0076] The compressible electrode 1 further comprises
an elastic material 5 arranged on the outer surface 2a of
the stably deformable polymer layer 2 at least such that
it fills at least one indentation 3a. As illustrated in Fig. 1,
the elastic material 5 may also be deposited on the flat
portions 2c of the stably deformable polymer layer 2. In
this case, the elastic material has been deposited on the

11 12 



EP 3 916 371 A1

8

5

10

15

20

25

30

35

40

45

50

55

flat surface 2c of the stably deformable polymer layer 2
such that it also fills the indentations 3a.
[0077] Since the stably deformable polymer layer 2 is
very thin, and the applied volume of the elastic bulk ma-
terial 5 is much larger than that of the stably deformable
polymer layer 2, the mechanical behaviour and stability
of the complete electrode 1 is primarily determined by
the elastic material 5. The elastic material may have a
Young’s modulus in the range 0 to 500 MPa, preferably
a Young’s modulus in the range of 0 to 100 MPa, and
more preferably a Young’s modulus in the range of 0 to
25 MPa. The elastic material may have an elastic hys-
teresis in the range of 0-40%, preferably smaller than
20%. Further, the complete electrode 1 may also behave
in a perfectly elastic manner, i.e. return perfectly (without
any plastic deformation) to its initial state after applying
and releasing force to the electrode 1, even repeatedly.
This may guarantee that the electrode 1 has a high me-
chanical stability with minimal drift/creep over time. More-
over, the softness of this elastic material can be chosen
freely (e.g. from the class of soft gel materials), so that
high deformation under low force and thus high sensitivity
can be obtained. For instance, the elastic material may
have a shore OO hardness in the range of 0-90, prefer-
ably in the range of 20-40.
[0078] Fig. 2 is a schematic illustration of a cross-sec-
tion of an embodiment of a compressible electrode 1 with
an embedded conductor layer. This electrode has the
same arrangement as the electrode discussed in relation
to Fig. 1 above, but with the difference that the stretchable
conductor layer 4 is arranged on the first outer surface
2a of the stably deformable polymer layer 2. The elastic
material 5 is thus at the position of the deformed portion
at least partly deposited over the stretchable conductor
layer 4.
[0079] However, the stretchable conductor layer 4 may
also be arranged within the stably deformable polymer
layer 2 at the position of the deformed portion (not illus-
trated in Figs. 1 or 2).
[0080] The deformed portions 3, or at least the protru-
sions 3b, may have a rounded form, as illustrated in Figs.
1 and 2. As an example, the protrusions 3b may have
the form of a hemisphere. As a further example, the pro-
trusions may have a rounded form as seen in at least
one cross-section of the protrusion. The protrusions 3b,
and the whole deformed portions 3, may as an alternative
have a tip-shaped form, as illustrated in Fig. 3. In this
example, the compressible electrode 1 is as discussed
in relation to Fig. 2 above, but at least one deformed
portion 3 is tip-shaped, i.e. the protrusion extends from
the second surface 2b of the stably deformable polymer
layer 2 and converges to form a tip 3c at the distance
furthest away from the surface. The deformed portion 3
may however be tip-shaped in only one cross-section.
The use of a rounded or tip-shaped deformed portion
may depend on the application of the electrode. An elec-
trode having a tip-shaped deformed portion may be more
sensitive to small compression forces compared to an

electrode having a rounded deformed portion. In some
examples, the compressible electrode comprises both
rounded and tip-shaped deformed portions.
[0081] Figs 4-5 are schematic illustrations of a cross-
section of an embodiment of a compressible electrode 1
with an exposed conductor layer, wherein the stretchable
conductor layer 4 is differently arranged in relation to the
deformed portion 3. In the embodiment shown in Fig. 1,
the stretchable conductor layer 4 is arranged at the de-
formed portion 3 such that it further extends with edge
portions 4b on a flat portion 2c of the second outer surface
2b. However, as illustrated in Figs 4 and 5, the stretchable
conductor layer 4 may alternatively extend only at the
deformed portion 3 or at the non-deformed portion 2c.
The compressible electrode 1 may comprise plural strips
of conductor material, wherein one or more strips extend
only at the deformed portion 3 and/or one or more strips
extend only at the non-deformed portion 2c.
[0082] Figs 6a-6d illustrate a method of forming the
compressible electrode discussed in relation to Fig. 1
above, i.e. a compressible electrode having an exposed
conductor layer 4. In Fig. 6a, the stretchable conductor
layer 4 is arranged on the second surface 2b of the stably
deformable polymer layer 2 by printing a pattern, such
as parallel strips 4a having a width of 5-15 mm and a
pitch of 10 mm of stretchable conductors on a thin, flat
stably deformable polymer substrate 2 of thermoplastic
poly-urethane. Further, a metal forming tool 6 having a
shape with indentation 6a equal to the shape of the de-
sired protrusion 3b of the deformed portion of the com-
pressible electrode 1 is provided and, as illustrated in
Fig. 6b, a thermoforming process is performed for per-
manently deforming the thermoplastic polymer 2 and the
stretchable conductor layer 4 at the position of the inden-
tation 6a of the forming tool 6. Thus, the thermoforming
process is performed by heating the stably deformable
polymer layer 2 and the stretchable conductor layer 4
and forming the deformed portion 3 using a forming tool
6 having an indentation 6a corresponding to the shape
of the deformed portion 3.
[0083] As illustrated in Fig. 6c, the thermoformed struc-
ture, i.e. in this case the formed indentation 3a in the first
outer surface 2a of the stably deformable polymer layer
2, is filled with an elastic material 5 such as a poly-
urethane gel. Optionally, also the flat portions 2c of the
first outer surface 2a of the stably deformable polymer
layer 2 are also covered with the elastic material 5, before
the compressible electrode is released from the forming
tool 6, as illustrated in Fig. 6d.
[0084] The thermoformed stably deformable polymer
layer 2 and the stretchable conductor layer 4 may thus
remain in the forming tool 6 when depositing the elastic
material 5. As an alternative, these may be removed from
the forming tool 6 and be transferred to any other support
structure or carrier before deposition of the elastic mate-
rial.
[0085] In order to form a compressible electrode 1 as
illustrated in Fig. 2, i.e. with the stretchable conductor
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layer arranged in between the stably deformable polymer
layer 2 and the elastic material 5, the stably deformable
polymer layer 2 and the stretchable polymer 4 may be
turned upside down as compared to Fig. 6a, i.e. such
that the thermoplastic polymer layer 2 faces the inden-
tation 6a of the forming tool 6.
[0086] As also illustrated in the block-diagram in Fig.
9, the method 100 thus comprises the steps of arranging
101 at least one stretchable conductor layer 4 on a first
outer surface 2a or second outer surface 2b of a stably
deformable polymer layer 2; forming 102 at least one
deformed portion 3 as an indentation 3a in the first outer
surface 2a and a corresponding protrusion 3b in the sec-
ond outer surface 2b of the stably deformable polymer
layer 2 at the position of the at least one stretchable con-
ductor layer 4 thereby stably deforming the stably de-
formable polymer layer 2 and the at least one stretchable
conductor layer 4; and filling 103 the indentation 3a with
an elastic material 5.
[0087] Figs. 7a and 7b illustrate an embodiment of a
capacitive pressure sensor 10 in which the compressible
electrode 1 illustrated in Fig. 1 is arranged. The pressure
sensor further comprises an additional electrode 7, in this
case illustrated as a lower flat electrode. The additional
electrode 7 may for example be a flat rigid or a flexible
conductor. In between the compressible electrode 1 and
the additional electrode 7, there is a dielectric medium 9
in the form of air. The second surface 2b of the stably
deformable polymer layer 2 of the compressible elec-
trode 1 is arranged such that it faces the additional elec-
trode 7. Since the stretchable conductor layer 4 is ar-
ranged on this second outer surface 2b, there is an ad-
ditional dielectric layer 8 arranged on top of the additional
electrode 7 such that the dielectric of the capacitive pres-
sure sensor comprises both the air 9 and the additional
dielectric layer 8. The additional dielectric layer is thus
used so as to avoid a short circuit between the two elec-
trodes of the pressure sensor. The additional dielectric
layer 8 may be applied using e.g. spin coating or lami-
nation. The additional dielectric layer 8 can be an ultrathin
layer, such as between 1 and 10 mm, such as between
1 and 5 mm thick. This will result in a capacitive pressure
sensor 10 with high capacitance values per unit area.
[0088] In this embodiment, the deformed portion abuts
the additional dielectric 8 arranged on the additional elec-
trode 7. The actual capacitor dielectric between the two
electrodes 1, 7 of the pressure sensor 10 (the capacitor
plates) thus consists of air 9 and the applied additional
dielectric layer 8. When a compression force is applied
onto the pressure sensor 10, the deformed portion 3 may
be deformed, such as squeezed together to a form of
lesser height. Therefore, the amount of air between the
electrodes 1, 7 decreases due to the deformation or com-
pression of the compressible electrode 1, i.e. the distance
between the capacitor plates (= the two electrodes 1,7)
decreases and the capacitance value will increase. A
measured capacitance of the capacitive pressure sensor
10 may thus be used as a measure of the pressure force.

[0089] When all air is pressed out of the space between
the two electrodes 1, 7, the capacitor dielectric is reduced
to its minimal thickness over the entire surface of the
capacitor. This minimal thickness is equal to the thick-
ness of the additional dielectric layer 8. Fig. 5b is an ide-
alised representation of a fully compressed compressible
electrode 1, i.e. in which the deformed portion 3 has been
fully compressed, by the pressure force P applied sub-
stantially in parallel to the normal of the stably deformable
polymer layer 2 of the pressure sensor 1 and the flat
additional electrode 7.
[0090] Figs. 8a and 8b illustrate an embodiment of a
capacitive pressure sensor 10 in which the compressible
electrode 1 illustrated in Fig. 2 is arranged. This sensor
10 functions as is discussed in relation to Figs. 7a and
7b above, but a compressible electrode 1 having the
stretchable conductor layer 4 arranged on the first outer
surface 2a is arranged. Thus, the stretchable conductor
layer 4 is arranged between the stably deformable poly-
mer layer 2 and the elastic material 5. Therefore, as the
deformed portion 3 is arranged so that it abuts the addi-
tional electrode 7, no additional dielectric material is
needed. The total dielectric medium arranged between
the compressible electrode 1 and the additional electrode
7 is thus the air 9. As the pressure sensor 10 is fully
compressed, as illustrated in Fig. 8b, the second surface
2b of the thermoplastic polymer layer is pressed against
the additional electrode 8. The force is represented by
arrow "P" and is in this case directed in the direction of
the normal to the stably deformable polymer layer 2.
[0091] In the above the inventive concept has mainly
been described with reference to a limited number of ex-
amples. However, as is readily appreciated by a person
skilled in the art, other examples than the ones disclosed
above are equally possible within the scope of the inven-
tive concept, as defined by the appended claims.

Claims

1. A compressible electrode (1) comprising

- a stably deformable polymer layer (2) compris-
ing a first outer surface (2a), a second outer sur-
face (2b), at least one deformed portion (3)
formed as at least one indentation (3a) in said
first outer surface (2a) and at least one corre-
sponding protrusion (3b) in said second outer
surface (2b), and at least one non-deformed por-
tion (2c),
- at least one stretchable conductor layer (4) ar-
ranged on or within said stably deformable pol-
ymer layer (2) at said at least one deformed por-
tion (3) and/or at said at least one non-deformed
portion (2c); and wherein said stably deformable
polymer layer (2) is stably deformed at said at
least one deformed portion (3); and
- an elastic material (5) arranged on said first
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outer surface (2a) such that said elastic material
(5) fills said at least one indentation (3a) of said
at least one deformed portion (3).

2. A compressible electrode (1) according to claim 1,
wherein said at least one stretchable conductor layer
(4) is arranged at least at said at least one deformed
portion (3) and wherein said at least one stretchable
conductor layer (4) is stably deformed at said at least
one deformed portion (3).

3. A compressible electrode (1) according to claim 1 or
2, wherein said at least one stretchable conductor
layer (4) is arranged on said first outer surface (2a)
of said stably deformable polymer layer (2).

4. A compressible electrode (1) according to claim 1 or
2, wherein said at least one stretchable conductor
layer (4) is arranged on said second outer surface
(2b) of said stably deformable polymer layer (2).

5. A compressible electrode (1) according to any pre-
vious claim, wherein the stably deformable polymer
layer (2) comprises a plurality of deformed portions
(3), and wherein one stretchable conductor layer (4)
is arranged on or within said stably deformable pol-
ymer layer (2) at said plurality deformed portions (3).

6. A compressible electrode (1) according to any pre-
vious claim, wherein said elastic material (5) has a
volume that is larger than the volume of the stably
deformable polymer layer (2).

7. A compressible electrode (1) according to any pre-
vious claim, wherein the thickness of the stably de-
formable polymer layer (2) is less than 100 mm, such
as less than 55 mm.

8. A method (100) of forming a compressible electrode
(1) comprising the steps of

- arranging (101) at least one stretchable con-
ductor layer (4) on a first (2a) or second outer
surface (2b) of a stably deformable polymer lay-
er (2) or within said stably deformable polymer
layer (2);
- forming (102) at least one deformed portion (3)
as at least one indentation (3a) in said first outer
surface (2a) and at least one corresponding pro-
trusion in said second outer surface (2b) of the
stably deformable polymer layer (2); thereby
stably deforming the stably deformable polymer
layer (2);
- filling (103) said at least one indentation (3a)
with an elastic material (5).

9. A method according to claim 8, wherein said forming
(103) at least one deformed portion (3) comprises

subjecting the stably deformable polymer layer (2)
to a thermoforming process.

10. A method according to claim 9, wherein said ther-
moforming process is performed by heating said sta-
bly deformable polymer layer (2), thereby forming
said at least one deformed portion (3) using a forming
tool (6) having at least one indentation (6a) corre-
sponding to the shape of the at least one deformed
portion (3).

11. A method according to any one of claims 8-10,
wherein the elastic material (5) is further formed at
non-deformed portions of the first (2a) or second (2b)
outer surface of the stably deformable polymer layer
(2).

12. A capacitive pressure (10) sensor comprising

a compressible electrode (1) according to any
one of claims 1-7 arranged over an additional
electrode (7) and with the second outer surface
(2b) facing said additional electrode (7); and
at least one dielectric medium (9, 8) arranged
between said second outer surface (2b) and said
additional electrode (7); and wherein
the compressible electrode (1) and additional
electrode (7) are arranged such that compres-
sion of the at least one deformed portion (3) of
the compressible electrode (1) changes the ca-
pacitance of the capacitive pressure sensor (1).

13. A capacitive pressure sensor (10) according to claim
12, wherein said at least one deformed portion (3)
of the compressible electrode (1) abuts said addi-
tional electrode (7) or an additional dielectric layer
(8) arranged on top of said additional electrode (7).

14. A capacitive pressure sensor (10) according to claim
12 or 13, wherein the at least one stretchable con-
ductor layer (4) is arranged on the first outer surface
(2a) of said stably deformable polymer layer (2) of
the compressible electrode (1), and wherein the at
least one dielectric medium (9) is air.

15. A capacitive pressure sensor (10) according to claim
12 or 13, wherein the at least one stretchable con-
ductor layer (4) is arranged on the second outer sur-
face (2b) of said stably deformable polymer layer (2)
of the compressible electrode (1), and further where-
in the said sensor (10) comprises an additional die-
lectric layer (8) arranged on top of said additional
electrode (7), such that the at least one dielectric
comprises both air (9) and said additional dielectric
layer (8).
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